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5 BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention pertains to the field of biochemistry and more 
specifically to the field of prodrugs or prohormones of androgenic steroids and 
related methods. 
10 Description of the Related Art 

[0002] The importance of having sufficient concentrations of androgenic 

(3 steroids in the body is well known. The advantages of such steroids can include 

P 

!«H such things as increased physical performance, improved body composition or 

W 

JlLJ increased density, and increased sexual drive or performance, depending upon the 

15 3 specific steroid, organism, etc. It is equally well known that under many common 

!•« 

M j circumstances, deficiencies of these androgenic steroids arise. In humans, for 
JjJJ example, as one ages, the normal concentrations of these steroids tend to decrease. 
* Men over the age of about thirty-five typically suffer a reduction in the blood serum 
concentration of free testosterone. These changes typically result in a reduced 
20 general athletic performance and longer time requirements for restoration after 
extensive exercise, as well as reduced physical and psychological resistance to 
stress. 

[0003] A known approach to addressing such steroid concentration 
deficiencies is to introduce the deficient steroid into the body. In U.S. Patent No. 
25 5,578,588, for example, methods are disclosed for delivering testosterone 



supplements including peroral administration or intramuscular injection of 
testosterone. 

[0004] This approach, however, suffers from a number of disadvantages. 
Introduction of such steroid supplements has been associated with undesirable 
effects such as poor control over blood concentrations and loss of the steroid due to a 
"first pass effect," wherein the steroid is metabolized by the liver prior to reaching 
general circulation. These losses dramatically reduce the available steroid and, 
consequently, much higher doses of the steroid supplement generally must be 
administered to achieve the desired effects. The higher doses sometimes result in 
an undesirable and unpredictable rise in overall steroid concentration, which, for 
example, in the case of testosterone, can result in physiological and psychological 
problems. 

[0005] Another approach to addressing steroid concentration deficiencies is 
to introduce a prodrug of the steroid into the body. An example of a prodrug is a 
prohormone. A prohormone is a compound that itself has no anabolic activity but, 
when administered in the body, is metabolized or converted into a natural or 
desired hormone. Such prohormones become substrates for in vivo bioconversion 
into the parent compounds, i.e., the corresponding natural or desired hormones. 
U.S. Patent No. 5,053,403, for example, discloses that specific prohormones 
including androstenedione, progesterone, and 17a-P derivatives or analogues can be 
administered to humans for the purpose of increasing blood concentration of 



testosterone, with fewer undesirable effects. Long term use of these prohormones, 
however, is also associated with side effects, such as gynecomastia. A pernasal dose 
of 3.5 mg to 15 mg of these prohormones is reported to increase the blood 
concentration of testosterone by 34% to 97%. Similarly, U.S. Patent No. 5,880,117 
5 discloses the use of 4-androstenediol as a peroral testosterone supplement. 

Androstenedione is a direct precursor of testosterone and estrogen in target tissues 
having appropriate receptors and enzymes. According to U.S. Patent No. 6,117,429, 
androstenediols are precursors for testosterone after oral administration in adults. 
19-norandrostenedione is a precursor for 19-nortestosterone, which has a similar 
ICQ anabolic activity in comparison to testosterone. 

Iff [0006] The general approach of using prodrugs or prohormones to achieve 

UJ 

% supplementation of androgenic steroid concentrations in vivo also has been limited, 

j p 

j however, in that the effectiveness of such compounds has tended to be low. In some 

!, ' ji 

M ! instances, their conversion into the desired steroid is limited, for example, because 
lilr they are removed from the system through the first pass effect. They also can be 

SS* 

IW converted into undesirable products, for example, as in the case wherein 

4-androstenedione is converted into estrogen. Even where the desired bioconversion 
occurs, the rate of conversion can be sufficiently low that undesirably large 
quantities of the prodrug must be taken to achieve desired results. This itself can 
20 have undesirable side effects. 
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[0007] It is advantageous in many instances to have a prodrug that may be 
administered in a convenient form, such as by oral, sublingual or pernasal 
administration. Many prodrugs have not been amenable to such administration, 
however, because they tend to be broken down prior to absorption in vivo when 
administered in this fashion. 
Objects of the Invention 

[0008] Accordingly, an object of the present invention is to provide 
compositions and methods that can be used to increase the in vivo concentration 
and bioavailability of a parent androgen. 

[0009] Another object of the invention according to certain aspects is to 
provide compounds and methods that can be used to increase the in vivo 
concentration and bioavailability of a parent androgen with while being amenable 
to convenient administration, such as by oral, sublingual or pernasal 
administration. 

[0010] Additional objects and advantages of the invention will be set forth in 
the description that follows, and in part will be apparent from the description, or 
may be learned by practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the instrumentalities and 
combinations pointed out in the appended claims. 



SUMMARY OF THE INVENTION 

[0011] To achieve the foregoing objects, and in accordance with the purposes 
of the invention as embodied and broadly described in this document, a compound is 
provided for increasing the concentration of a parent androgen in a subject in vivo. 
The parent androgen has a skeletal structure including a 4 position and a 17 
position. The parent androgen also has a 17p-hydroxy group comprising a 17p- 
hydroxy oxygen appended to the 17 position and a 17p-hydroxy hydrogen appended 
to the 17P -hydroxy oxygen. 

[0012] The compound according to this aspect of the invention comprises a 
substrate having the skeletal structure of the parent androgen comprising a 4 
position and a 17 position corresponding to the 4 and 17 positions respectively of the 
parent androgen. The substrate comprises a carbon-carbon double bond at the 4 
position. The skeletal structure of the parent androgen embodied in the substrate 
is selected from the group consisting of androst-4-ene-3a,17p-diol, androst-4-ene- 
3p,17p-diol, and mixtures thereof. 

[0013] The compound further comprises a promoiety appended to the 17p« 
hydroxy oxygen of the substrate as a substitute for the hydroxy hydrogen of the 
parent androgen. The promoiety comprises an alkylcarbonate ester. 

[0014] Preferably but optionally, the alkylcarbonate ester has an alkyl chain 
length of less than 12. Examples of preferred compounds according to this aspect of 
the invention comprise androst-4-ene-3,17p-diol 17p-alkylcarbonate (e.g., androst-4- 



ene-3,17p-diol 17p-ethylcarbonate), and androst-4-ene-3,17p-diol 3,17p- 
di(alkylcarbonate) (e.g., androst-4-ene-3,17p-diol 3,17p-di(ethylcarbonate). 

[0015] The compound optionally but preferably may comprise a carrier. 
This carrier may constitute or comprise a solid carrier, a liquid carrier, a semi-solid 
5 carrier, and the like. 

[0016] In accordance with another aspect of the invention, a compound is 
provided for increasing the concentration of a parent androgen in a subject in vivo. 
The parent androgen has a skeletal structure including a 4 position and a 17 
position. The parent androgen also has a 17p-hydroxy group comprising a 17p- 
103 hydroxy oxygen appended to the 17 position and a 17p-hydroxy hydrogen appended 
[•J5 to the 17p-hydroxy oxygen. 

\.n 

J-j [0017] The compound according to this aspect of the invention comprises a 

u substrate having the skeletal structure of the parent androgen comprising a 4 

o 

I 1 * position and a 17 position corresponding to the 4 and 17 positions respectively of the 

ljfi parent androgen. The substrate comprises a carbon-carbon double bond at the 4 

:.- a :: 

i yj 

position. The skeletal structure of the parent androgen embodied in the substrate 
is selected from the group consisting of estr-4-ene-3ot,17p-diol, estr-4-ene-3p,17p-diol 
and mixtures thereof. 

[0018] The compound further comprises a promoiety appended to the 17p- 
20 hydroxy oxygen of the substrate as a substitute for the hydroxy hydrogen of the 
parent androgen. This promoiety comprises an alkylcarbonate ester. 

6 



[0019] The alkylcarbonate ester preferably has an alkyl chain length of less 
than 12. Preferred embodiments of this aspect of the invention comprise estr-4-ene- 
3,17p-diol 17p-alkylcarbonate (e.g., estr-4-ene-3,17p-diol 17p-ethylcarbonate), and 
estr-4-ene-3,17p-diol 3,17p-di(alkylcarbonate) (e.g., estr-4-ene-3,17p-diol 3,170- 
5 di(ethylcarbonate)). 

[0020] Compounds according to this aspect of the invention also may 
comprises a carrier, e.g., as described above. 

[0021] In accordance with another aspect of the invention, a method is 
provided for increasing the concentration of a parent androgen in a subject in vivo. 
1© The parent androgen, as described above, has a skeletal structure including a 4 
: :'J{ position and a 17 position, and further has a 17p-hydroxy group comprising a 17p- 

; : 

I S3 

q hydroxy oxygen appended to the 17 position and a 17p-hydroxy hydrogen appended 

Us 

» to the 17p-hydroxy oxygen. 

q 

[0022] The method according to this aspect of the invention comprises 
lf*j administering to the subject a compound comprising a substrate and a promoiety, 
the substrate having the skeletal structure of the parent androgen comprising a 4 
position and a 17 position corresponding to the 4 and 17 positions respectively of the 
parent androgen. The substrate comprises a carbon-carbon double bond at the 4 
position. The skeletal structure of the parent androgen embodied in the substrate 
20 is selected from the group consisting of androst-4-ene-3a,17p-diol, androst-4-ene- 
3p,17p-diol, and mixtures thereof. The promoiety is appended to the 17p-hydroxy 

7 



oxygen of the substrate as a substitute for the 17p-hydroxy hydrogen of the parent 
androgen. It comprises an alkylcarbonate ester. The method further comprises 
converting the compound in vivo into the parent androgen. The subject preferably is 
a human being and the in vivo conversion comprises converting the compound into 
the parent androgen in vivo within the human being, although this is not 
necessarily the case. Examples of compounds according to this method comprise 
androst-4-ene-3,17p-diol 17p-alkylcarbonate (e.g., androst-4-ene-3,17p-diol 17p- 
ethylcarbonate), and androst-4-ene-3,17p-diol 3,17p-di(alkylcarbonate) (e.g., 
androst-4-ene-3,17p-diol 3,17p-di(ethylcarbonate)). 

[0023] The compound administration may comprise peroral administration, 
pernasal administration, transdermal administration, sublingual administration, 
etc. It also may be injected into the subject. 

[0024] The method and more specifically the compound administration may 
comprise complexing the compound with an hydroxypropyl beta cyclodextrin and/or 
hydroxypropyl gamma cyclodextrin. 

[0025] The compound administration may comprise administering a dosage 
periodically for a maximum of two weeks, followed by at least two weeks of non- 
administration to permit recovery of natural parent androgen production in the 
subject. It also may comprise administering the compound only in morning- time. 

[0026] The compound administration optionally but preferably comprises 
administering the compound in an amount ranging from 1.0 mg to 1000 mg per day, 
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more in an amount ranging from 50 mg to 500 mg per day, and still more preferably 
in an amount ranging from 200 mg to 400 mg per day. 

[0027] An enteric coating may be applied to the compound prior to 
administering it. In accordance with another aspect of the invention, a method is 
5 provided for increasing the concentration of a parent androgen in a subject in vivo. 
The parent androgen has a skeletal structure including a 4 position and a 17 
position, and further has a 17p-hydroxy group comprising a 17(5-hydroxy oxygen 
appended to the 17 position and a 17p-hydroxy hydrogen appended to the 170- 
hydroxy oxygen. 

1(P [0028] The method according to this aspect of the invention comprises 

i If. 

administering to the subject a compound comprising a substrate and a promoiety. 

in 

p The substrate has the skeletal structure of the parent androgen comprising a 4 

Lfi 

position and a 17 position corresponding to the 4 and 17 positions respectively of the 

| l * parent androgen. The substrate comprises a carbon-carbon double bond at the 4 

m 

15* position, the skeletal structure of the parent androgen embodied in the substrate is 

I =~ 

selected from the group consisting of estr-4-ene-3a,17p-diol, estr-4-ene-3p,17p-diol, 
and mixtures thereof. The promoiety is appended to the 17p-hydroxy oxygen of the 
substrate as a substitute for the 17p-hydroxy hydrogen of the parent androgen. The 
promoiety comprises an alkylcarbonate ester. The method further comprises 
20 converting the compound in vivo into the parent androgen. Again, the subject 
preferably but optionally is a human being. 
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[0029] Preferred embodiments of the compound comprise estr-4-ene-3,17p- 
diol 17p-alkylcarbonate (e.g., estr-4-ene-3,17p-diol 17p-ethylcarbonate) and estr-4- 
ene-3,17p-diol 3,17p-di(alkylcarbonate) (e.g., estr-4-ene-3,17p-diol 3,17p- 
di(ethylcarbonate)). 

[0030] The compound administration optionally may comprise peroral 
administration, pernasal administration, transdermal administration, injection into 
the subject intravenously, sublingually, or combinations of these. 

[0031] The compound administration may comprise complexing the 
compound with an hydroxypropyl beta cyclodextrin and/or hydroxypropyl gamma 
cyclodextrin. 

[0032] The dosage information set forth above also applies to the method 
according to this aspect of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS AND METHODS 

[0033] Reference will now be made in detail to the presently preferred 
embodiments and methods of the invention. It should be noted, however, that the 
invention in its broader aspects is not limited to the specific details, representative 
compositions and methods, and illustrative examples described in this section in 
connection with the preferred embodiments and methods. The invention according 
to its various aspects is particularly pointed out and distinctly claimed in the 
attached claims read in view of this specification, and appropriate equivalents. 
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[0034] In accordance with one aspect of the invention, a compound is 
provided for increasing the concentration of a parent androgen in a subject in vivo. 
As noted above, the parent androgen has a skeletal structure including a 1 position 
and a 17 position. This numbering corresponds to the ring identification and carbon 
numbering system well known in the field of steroid chemistry, for example, as 
adopted in the 1989 recommendations of the International Union of Pure and 
Applied Chemistry ('TUPAC"). The parent androgen also has a lTp-hydroxy group 
comprising a 17p-hydroxy oxygen appended to the 17 position and a 17p-hydroxy 
hydrogen appended to the 17p-hydroxy oxygen. 

[0035] The compound preferably but optionally is for treatment of a human 
being to supplement or increase the concentration of the parent androgen in vivo. 
This is not necessarily limiting, however, and veterinary applications also are 
possible in certain instances. 

[0036] In accordance with this aspect of the invention, the compound 
comprises a substrate and a promoiety. The substrate has the skeletal structure of 
the parent androgen. It comprises a 1 position and a 17 position corresponding to 
the 1 and 17 positions respectively of the parent androgen. The substrate comprises 
a carbon-carbon double bond at the 1 position. 

[0037] The skeletal structure of the parent androgen to which the substrate 
corresponds may take a number of forms. It may, for example, be selected from the 
group consisting of 5a-androst-l-ene-3a,17p-diol, 5a-androst-l-ene-3p,17p-diol, and 
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mixtures thereof. It also may be selected from the group consisting of 5oc-estr-l-ene- 
3a,17p-diol, 5a-estr-l-ene-3p,17p-diol, and mixtures thereof. In addition, it may be 
selected from the group consisting of 17p-hydroxyandrost-l,4-diene-3-one, 17p- 
hydroxyestr-l,4-diene-3-one, 17p-hydroxy-5a-estr-l-ene-3-one, and mixtures 
thereof. This skeletal structure may comprise, for example, 17p-hydroxy-5oc- 
androst-l-ene-3-one, and/or 17p-hydroxyandrost-l,4-diene-3-one. 

[0038] The promoiety is appended to the 17p-hydroxy oxygen of the 
substrate as a substitute for the 17p-hydroxy hydrogen. It comprises and preferably 
consists of an alkylcarbonate ester. The alkyl group may be linear, branched, 
cyclical, etc. The promoiety preferably but optionally has an alkyl chain length 
(counting only the carbon atoms) of less than 12, and more preferably of less than 
11. The alkylcarbonate ester may be selected from the group consisting of methyl 
carbonate, ethyl carbonate, propyl carbonate, isopropyl carbonate, butyl carbonate, 
isobutyl carbonate, t-butyl carbonate, valeryl carbonate, hexyl carbonate, heptyl 
carbonate, octyl carbonate, nonyl carbonate, decyl carbonate, undecyl carbonate, 
dodecyl carbonate, cyclopentyl methyl carbonate, cyclopentylpropyl carbonate, 
cyclohexyl methyl carbonate, cyclohexylpropyl carbonate, and mixtures thereof. 
Other alkyl carbonate esters, however, may be used. Alkyl carbonate esters having 
lower carbon chain lengths generally are preferred,although not universally so. 
Ethylcarbonate esters generally are even more preferred. 
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[0039] The compound according to this aspect of the invention in its 



presently preferred embodiments may comprise 17p-hydroxyandrost-l-ene-3-one 



17p-alkylcarbonate, 17p-hydroxyandrost-l,4-diene-3-one 17p-alkycarbonate. The 



ethyl carbonate esters, e.g., 17p-hydroxyandrost-l-ene-3-one 17p-ethylcarbonate, 



5 and 17p-hydroxyandrost-l,4-diene-3-one 17p-ethylcarbonate, again, would be 



preferred. 



[0040] The compound also may comprise estranes, for example, such as 17p- 



hydroxyestr-l-ene-3-one 17p-alkylcarbonate, 17p-hydroxyestr-l,4-diene-3-one 17p- 



alkycarbonate, and their ethylcarbonate embodiments such as 17p-hydroxyestr-l- 
ene-3-one 17p-ethylcarbonate. The compound also may comprise diols. Illustrative 
hi examples would include 5a-androst-l-ene-3-ol 17p-alkylcarbonate, 5a-androst-l- 

-3:: 

! ^ 
'irT: 

Q ene-3,17p-diol 17p-alkylcarbonate (e.g., 5a-androst-l-ene-3,17p-diol 17p- 

m 

jJ a ethylcarbonate), and 5<x-androst-l-ene-3,17p-diol 3,17p-di(alkylcarbonate), (e.g., 5a- 
l± androst-l-ene-3,17p-diol 3,17p-di(ethylcarbonate). 
153 [0041] The principles of the invention according to this aspect also may be 

applied to dienes. Illustrative examples might include androst-l,4-diene-3a,17p- 



diol 17p-alkylcarbonate (e.g., androst-l,4-diene-3a,17p-diol 17p-ethylcarbonate), 



androst-l,4-diene-3p,17p-diol 17p-alkylcarbonate (e.g., androst-l,4-diene-3p,17p- 



diol 17p-ethylcarbonate), androst-l,4-diene-3p,17p~diol 3-alkylcarbonate (e.g., 



20 androst-l,4-diene-3p,17p-diol 3-ethylcarbonate), androst-l,4-diene-3p,17p-diol 
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3,17(5-di(alkylcarbonate) (e.g., androst-l,4-diene-3p,17p-diol 3,17p- 
di(ethylcarbonate), and mixtures of these. 

[0042] The compound may be contained or encapsulated by an enteric 
coating. The compound also may be administered with a carrier, which may 
comprise a solid carrier, a semi-solid carrier, or a liquid carrier. A preferred liquid 
carrier is an aqueous emulsion including fatty acid ethyl esters, polysorbate 60, 
lecithin, and cholesterol or an oil. Another preferred liquid carrier comprises water, 
glycerin, polysorbate, lecithin, sodium benzoate, ethylene diamine tetraacetic acid 
("EDTA"), potassium sorbate, grapefruit seed extract, and vegetable gum. 

[0043] The compound according to this aspect of the invention may and 
preferably does comprise combinations of compounds having the alkylcarbonate 
ester promoiety as described herein. As noted, in each instance in this document 
wherein a group is bonded at the 3 position (at the first or "A" carbon ring), the 3 
position configuration may comprise or consist essentially of either the a 
configuration or the p, and preferably both. In addition, stereochemistry at the 5 
position for compounds other than 4-ene compounds preferably comprise 5a. 

[0044] In accordance with another aspect of the invention, a compound is 
provided for increasing the concentration of a parent androgen in a subject in vivo, 
wherein the parent androgen has a skeletal structure including a 4 position and a 
17 position. The parent androgen also has a 17p-hydroxy group comprising a 17p- 
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hydroxy oxygen appended to the 17 position and a 17p-hydroxy hydrogen appended 
to the 17p-hydroxy oxygen. 

[0045] The compound according to this aspect of the invention comprises a 
substrate having the skeletal structure of the parent androgen comprising a 4 
position and a 17 position corresponding to the 4 and 17 positions respectively of the 
parent androgen. The substrate comprises a carbon-carbon double bond at the 4 
position. The compound further comprises a promoiety appended to the 17 position 
of the substrate as a substitute for the hydroxy hydrogen of the parent androgen. 
The promoiety comprises an alkylcarbonate ester. 

[0046] The skeletal structure of the parent androgen to which the substrate 
corresponds may, for example, be selected from the group consisting of androst-4- 
ene-3a,17p-diol, androst-4-ene-3p,17p-diol, and mixtures thereof. It also may be 
selected from the group consisting of estr-4-ene-3<x,17p-diol, estr-4-ene-3p,17p-diol, 
and mixtures thereof. 

[0047] The aspects of the alkylcarbonate ester promoiety as noted with 
respect to the previous aspect of the invention apply here as well. 

[0048] Preferred but merely illustrative compounds according to this aspect 
of the invention may comprise androst-4-ene-3-ol 17p-alkylcarbonate (e.g., androst- 
4-ene-3-ol 17p-ethylcarbonate), and estr-4-ene-3-ol 17p-alkylcarbonate (estr-4-ene-3- 
ol 17p-ethylcarbonate). The compound may assume various forms of diols, for * 
example, such as androst-4-ene-3,17p-diol 17p-alkylcarbonate (e.g., androst-4-ene- 
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3,17p-diol 17p-ethylcarbonate), androst-4-ene-3,17p-diol 3,17p-di(alkylcarbonate) 
(androst-4-ene-3,17p-diol 3,17p-di(ethylcarbonate)), estr-4-ene-3,17p-diol 17p- 
alkylcarbonate (e.g., estr-4-ene-3,17p-diol 17p-ethylcarbonate, estr-4-ene-3,17p-diol 
3,17p-di(alkylcarbonate) (e.g., estr-4-ene-3,17p-diol 3,17p-di(ethylcarbonate)). 

[0049] The compound according to this aspect of the invention also may 
comprise a carrier, such as those forms noted above. 

[0050] In accordance with another aspect of the invention, a method is 
provided for increasing the concentration of a parent androgen in a subject in vivo, 
wherein the parent androgen has a skeletal structure including a 1 position and a 
17 position and the parent androgen further has a 17p-hydroxy group comprising a 
17p-hydroxy oxygen appended to the 17 position and a 17p-hydroxy hydrogen 
appended to the 17p-hydroxy oxygen. 

[0051] The method according to this aspect of the invention comprises 
administering to the subject a compound comprising a substrate and a promoiety. 
The substrate has the skeletal structure of the parent androgen comprising a 1 
position and a 17 position corresponding to the 1 and 17 positions respectively of the 
parent androgen, and the substrate comprises a carbon-carbon double bond at the 1 
position. The promoiety is appended to the 17 position of the substrate as a 
substitute for the 17p-hydroxy hydrogen of the parent androgen, and comprises an 
alkylcarbonate ester. 
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[0052] In accordance with this aspect of the invention, the skeletal structure 
of the parent androgen to which the substrate corresponds may be selected from the 
group consisting of androst-l-ene-3a,17p-diol, androst-l-ene-3p,17p-diol, and 
mixtures thereof. It also may be selected from the group consisting of estr-l-ene- 
5 3a,17p-diol, estr-l-ene-3p,17p-diol, and mixtures thereof. The skeletal structure of 
the parent androgen to which the substrate corresponds also may comprise 5a,17p- 
dihydroxyandrost-l-ene-3-one. It also may be selected from the group consisting of 
17p-hydroxyandrost-l,4-diene-3-one 17p-hydroxyestr-l,4-diene-3-one, 5oc,17p- 
hydroxyestr-l-ene-3-one, and mixtures thereof. The parent androgen skeletal 
1Q ; 3 structure to which the substrate corresponds also may comprise 17p~ 
14 hydroxyandrost-l,4-diene-3-one. 

! n 

I'l [0053] The alkylcarbonate ester promoiety may be as described above. It 

k may, for example, be selected from the group consisting of methyl carbonate, ethyl 

ri si 5 

H 

H carbonate, propyl carbonate, isopropyl carbonate, butyl carbonate, isobutyl 

m 

15*5 carbonate, t-butyl carbonate, valeryl carbonate, hexyl carbonate, heptyl carbonate, 

ry 

octyl carbonate, nonyl carbonate, decyl carbonate, undecyl carbonate, dodecyl 
carbonate, cyclopentyl carbonate, cyclopentylmethyl carbonate, cyclopentylpropyl 
carbonate, cyclohexylmethyl carbonate, cyclohexylpropyl carbonate, and mixtures 
thereof. 

20 [0054] In accordance with this method aspect, the administered compound 

may comprise 17p-hydroxyandrost-l-ene-3-one 17p-alkylcarbonate (e.g., 17p- 
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hydroxyandrost-l-ene-3-one 17p-ethylcarbonate), 17p-hydroxyandrost-l,4-diene-3- 
one 17p-alkycarbonate (e.g., 17p-hydroxyandrost-l,4-diene-3-one 17p- 
ethylcarbonate), 17p-hydroxyestr-l-ene-3-one 17p-alkylcarbonate (e.g., 17P- 
hydroxyestr-l-ene-3-one 17p-ethylcarbonate), and/or 17p-hydroxyestr-l,4-diene-3- 
one 17p-alkycarbonate (e.g., 17p-hydroxyestr-l,4-diene-3-one 17p-ethylcarbonate). 

[0055] The compound to be administered may comprise diols, for example, 
such as 5a-androst-l-ene-3-ol 17p-alkylcarbonate, 5a-androst-l-ene-3,17p-diol 17p- 
alkylcarbonate (e.g., 5a-androst-l-ene-3,17p-diol 17p-ethylcarbonate), 5a-androst-l- 
ene-3,17p-diol 3,17p-di(alkylcarbonate) (e.g., 5a-androst-l-ene-3,17p-diol 3,17p- 
di(ethylcarbonate). 

[0056] In accordance with another aspect of the invention, a method is 
provided for increasing the concentration of a parent androgen in a subject in vivo, 
again, wherein the parent androgen has a skeletal structure including a 4 position 
and a 17 position and the parent androgen further has a 17p-hydroxy group 
comprising a 17P-hydroxy oxygen appended to the 17 position and a 17p-hydroxy 
hydrogen appended to the 17p-hydroxy oxygen. 

[0057] The method according to this aspect of the invention comprises 
administering to the subject a compound comprising a substrate and a promoiety. 
The substrate has the skeletal structure of the parent androgen comprising a 4 
position and a 17 position corresponding to the 4 and 17 positions respectively of the 
parent androgen, and the substrate comprises a carbon-carbon double bond at the 4 
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position. The promoiety is appended to the 17 position of the substrate as a 
substitute for the 17p-hydroxy hydrogen of the parent androgen, and comprises an 
alkylcarbonate ester. The method further comprises converting the compound in 
vivo into the parent androgen. The subject again preferably but optionally is a 
5 human being, and the in vivo conversion thus correspondingly comprises converting 
the compound into the parent androgen in vivo within the human being. 

[0058] The substrate has the skeletal structure of the parent androgen. The 
parent androgen may selected from the group consisting of androst-4-ene-3a,17p- 
, diol, androst-4-ene-3p,17p-diol, and mixtures thereof. The parent androgen also 

10o may be selected from the group consisting of estr-4-ene-3a,17p-diol, estr-4-ene- 

I 

I J 3p,17p-diol, and mixtures thereof. 

j 3=2 
-j ? 2 

!'5 [0059] The alkylcarbonate ester promoiety may be as described above. 

[0060] The compound to be administered in accordance with this aspect of 
!•.+ the invention may comprise diols, for example, such as androst-4-ene-3-ol 17p- 
1&3 alkylcarbonate (e.g., androst-4-ene-3-ol 17p-ethylcarbonate), estr-4-ene-3-ol 17P- 

fy 

alkylcarbonate (e.g., estr-4-ene-3-ol 17p-ethylcarbonate), and the like. 

[0061] The compound also may comprise 4-ene diols, for example, such as 
androst-4-ene-3,17p-diol 17p-alkylcarbonate (e.g., androst-4-ene-3,17P-diol 17p- 
ethylcarbonate), androst-4-ene-3,17p-diol 3,17p-di(alkylcarbonate) (e.g., androst-4- 
20 ene-3,17p-diol 3,17p-di(ethylcarbonate)), estr-4-ene-3,17p-diol 17p-alkylcarbonate 
(e.g., estr-4-ene-3,17p-diol 17p-ethylcarbonate), estr-4-ene-3,17p-diol 3,17p- 
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di(alkylcarbonate) (e.g., estr-4-ene-3,17p-diol 3,17p-di(ethylcarbonate)), and the 
like. 

[0062] In each of the aforementioned methods, the compound administration 
may comprise peroral administration, pernasal administration, transdermal 
5 administration, sublingual administration, and other means. The administration of 
the compound also may be by combinations of these techniques or approaches. 
Peroral administration is presently preferred. 

[0063] As part of the method, the compound administration may comprise 
complexing the compound with an hydroxypropyl beta cyclodextrin, and/or with an 

I s 3 

1CH hydroxypropyl gamma cyclodextrin. This is particularly applicable if administered 

3 

W sublingually. The compound administration optionally may further include 

: :?a 

] :i applying an enteric coating to the compound prior to administering the compound. 
|U [0064] When administered orally or sublingually, the compound enters the 

U gastrointestinal ("GI") tract, and ultimately the blood stream. Through more direct 

153 methods such as through pernasal, transdermal or intravenous injection, the 

ru 

compound enters directly into the blood stream. In each of the instances, the 
compound may react to form the parent androgen or a prodrug of the parent 
androgen. 

[0065] One limitation of known prodrugs of steriods is that, once they are 
20 tranformed into the parent steriod, they are broken down in the body, and 
particularly in the liver. This breakdown reduces in vivo concentration and 
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bioavailability of the steriod. In the presently preferred embodiments of the 
invention, the compounds are less prone to such breakdown in the body relative to 
many known prodrug-type compounds. This in many instances is attributable to 
the alkylcarbonate ester promoiety, which makes the compound more resistant to 
5 hydrolysis and other reactions that inhibit or destroy them in the body. In vivo 
concentrations thus can be maintained more readily, and bioavailability of the 
parent androgen can be improved. 

[0066] The compound preferably would be administered in amounts effective 
to supplement or increase the concentration of the parent androgen in vivo. The 
10;:2 appropriate dosage therefore may take into account natural or otherwise expected 
:' s ;= variations in steroid concentration, such as the normal daily variations in natural 
□ steroid production and consumption, and such as normal variations in in vivo 
«. steroid concentrations over days or weeks. 

[0067] According to a related aspect of the method, the compound may be 
15^1 administered using a dosage given periodically for a maximum of two weeks, 

I Ul 

followed by a period, for example, of at least two weeks, of non-administration to 
permit recovery of natural parent androgen production in the subject, for example, 
to the same baseline level possessed by the subject prior to use of the compound. 
[0068] This can permit the compound to supplement or increase the 
20 concentration of the parent androgen in vivo for an effective period, and then 
terminate further dosages of the compound as its effectiveness attenuates. 

21 



[0069] The preferred dosage of the compound will depend upon the specific 
compound, the subject or class of subject to which it is to be administered, and other 
factors commonly affecting dosage determinations for this type of composition. In 
general, the dosage should be such that a sufficient amount of the compound enters 
the system of the subject and supplements or increases the natural in vivo 
concentration of the parent androgen. 

[0070] In accordance with presently preferred versions of the inventive 
method, the compound administration, particularly when applied to humans, 
comprises administering the compound in an amount ranging from 1.0 mg to 1 
gram mg per day, more preferably in an amount ranging from 50 mg to 500 mg per 
day, and even more preferably in an amount ranging from 100 mg to 400 mg per 
day. The 4-ene compounds preferably are administered in a daily dosage of about 
200 mg to 400 mg, although this is not necessarily limiting. 

[0071] Also as part of the compound administration according to this aspect 
of the invention, the compound may be administered in a dosage periodically for a 
maximum of two weeks, followed by at least two weeks of non-administration to 
permit recovery of natural parent androgen production in the subject. 

[0072] The compound administration also may comprise administering the 
compound only in morning- time. 

[0073] Advantages of the preferred compounds and methods according to the 
invention flow from the advantageous or desirable effects of the parent androgen, as 
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well as from the increased in vivo concentration and bioavailability of the prodrug 
and/or the corresponding parent androgen resulting from administration of the 
compound. Compounds such as the alkyl carbonate ester versions wherein the 
parent androgen skeletal structure corresponds to androst-l-ene-3oc,17p-diol, 
5 androst-l-ene-3p,17p-diol, and mixtures thereof, estr-l-ene-3a,17p-diol, estr-l-ene- 
3p,17p-diol, and mixtures thereof, 5a,17p-dihydroxyandrost-l-ene-3-one, 17p- 
hydroxyaridrost-l,4-diene-3-one 17p-hydroxyestr-l,4-diene-3-one, 5a, 17p- 
hydroxyestr-l-ene-3-one, and mixtures thereof, androst-4-ene-3a,17p-diol, androst- 

I,* 4-ene-3p,17p-diol, and mixtures thereof, estr-4-ene-3a,17p-diol, estr-4-ene-3p,17p- 

□ 

101 diol, and mixtures thereof, and 17p-hydroxyandrost-l,4-diene-3-one can provide pro- 

m 

l ; f athletic and anabolic effects. In some instances, they can provide improved immune 

m 

Hi 

system efficacy and/or mood enhancement as well. 
O [0074J Aspects of the alkylcarbonate ester as described above for the other 

aspects of the invention apply to the compound according to this aspect as well. A 

lift. 

IK carrier such as those forms noted above also may be used. 

ill 

EXAMPLE 1 

[0075] To 10 ml dichloromethane was added 1.0 gram androst-4-ene-3,17- 
diol and 2.00 equivalents each of ethyl chloroformate and 2,6-lutidine. This was 
then stirred overnight, diluted with an additional 60 ml of 
20 dichloromethane, and filtered. The filtrate was washed twice in a 

separatory funnel with acidic water, once with neutral water, then dried 
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over sodium sulfate and placed in a freezer at -10 C for two hours. The 
resulting white colorless crystals were recovered by filtration, yielding 
0.47 grams of androst-4-ene-3,17p-diol 3,17p-di(ethylcarbonate) ester. 

[0076] Pyridine or triethylamine may be used as alternate bases. Alternate 
solvents include acetone, acetonitrile, pyridine, and lutidine. 

EXAMPLE 2 

[0077] A compound according to this aspect of the invention may be made 
from what in fact is comprised of a combination of compounds according to the 
invention. About 100 mg of a first component of androst-4-ene-3,17p-diol 3,17p- 
di(ethylcarbonate) and about 200 mg of a second component of 17p-hydroxyandrost- 
l-ene-3-one 17p-ethylcarbonate ester are added to a liquid carrier component 
comprising 2,876 mg of purified water, 2,443 mg of glycerin, 1,847 mg of proplyene 
glycol, 459 mg of polysorbate, 396 mg of Lecithin, 202 mg of EDTA. 185 mg of 
vegetable gum, 566 mg of natural flavor blend, 96 mg of sodium benzoate, 96 mg of 
potassium sorbate, and 96 mg of calcium propionate. The components are stirred to 
achieve dissolution and thus form the resultant solution. This specific example 
yields approximately 9,620 mg or about 9 ml of the solution. This solution can be 
taken by a human subject in daily doses of about 9-18 ml. 

EXAMPLE 3 

[0078] About 150 mg of androst-4-ene-3,17p-diol 3,17p-di(ethylcarbonate) 
and about 150 mg of 17p-hydroxyandrost-l-ene-3-one 17p-ethylcarbonate ester are 
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added to a liquid carrier component comprising 2,876 mg of purified water, 2,443 
mg of glycerin, 1,847 mg of proplyene glycol, 459 mg of poly sorb ate, 396 mg of 
Lecithin, 202 mg of EDTA. 185 mg of vegetable gum, 566 mg of natural flavor 
blend, 96 mg of sodium benzoate, 96 mg of potassium sorbate, and 96 mg of calcium 
propionate. The components are stirred to achieve dissolution and thus form the 
resultant solution. This specific example yields approximately 9,620 mg or about 9 
ml of the solution. This -solution- can be taken by a human subject in daily doses of 
about 9-18 ml. 

EXAMPLE 4 

[0079] About 200 mg of androst-4-ene-3,17p-diol 3,17p-di(ethylcarbonate) 
and about 100 mg of 17p-hydroxyandrost-l-ene-3-one 17p-ethylcarbonate ester are 
added to a liquid carrier component comprising 2,876 mg of purified water, 2,443 
mg of glycerin, 1,847 mg of proplyene glycol, 459 mg of poly sorbate, 396 mg of 
Lecithin, 202 mg of EDTA. 185 mg of vegetable gum, 566 mg of natural flavor 
blend, 96 mg of sodium benzoate, 96 mg of potassium sorbate, and 96 mg of calcium 
propionate. The components are stirred to achieve dissolution and thus form the 
resultant solution. This specific example yields approximately 9,620 mg or about 9 
ml of the solution. This solution can be taken by a human subject in daily doses of 
about 9-18 ml. 
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EXAMPLES 

[0080] About 150 mg of androst-4-ene-3,17p-diol 3,17p-di(ethylcarbonate) 
and about 150 mg of 17p-hydroxyandrost-l-ene-3-one 17p-ethylcarbonate ester are 
added to a liquid carrier component comprising 2,150 mg of purified water, 2,800 
5 mg of glycerin, 2,216 mg of proplyene glycol, 459 mg of polysorbate, 396 mg of 
Lecithin, 202 mg of EDTA. 185 mg of vegetable gum, 566 mg of natural flavor 
blend, 96 mg of sodium benzoate, 96 mg of potassium sofbate, and 96 mg of calcium 
propionate. The components are stirred to achieve dissolution. This yields 
approximately 9,620 mg or about 9 ml of the solution. This solution can be taken by 
10)t a human subject in daily doses of about 9-18 ml. 
ij EXAMPLE 6 

: } s 3 

Q [0081] About 150 mgof androst-4-ene-3,17p-diol 3,17p-di(ethylcarbonate) 

m 

!U and about 150 mg of 17p-hydroxyandrost-l-ene-3-one 17p-ethylcarbonate ester are 

?iai! 

1,4 added to a liquid carrier component comprising 3,550 mg of purified water, 2,132 

m 

1513 mg of glycerin, 1,484 mg of proplyene glycol, 459 mg of polysorbate, 396 mg of 

m 

Lecithin, 202 mg of EDTA. 185 mg of vegetable gum, 566 mg of natural flavor 
blend, 96 mg of sodium benzoate, 96 mg of potassium sorbate, and 96 mg of calcium 
propionate. The components are stirred to achieve dissolution. This yields 
approximately 9,620 mg or about 9 ml of the solution. This solution can be taken by 
20 a human subject in daily doses of about 9-18 ml. 
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EXAMPLE 7 

[0082] About 100 mg of a first component of estr-4-ene-3,17(}-diol 3,170- 
di(ethylcarbonate) and about 200 mg of a second component of 1 7p -hydroxy androst- 
l-ene-3-one 17p-ethylcarbonate ester are added to a liquid carrier component 
5 comprising 2,876 mg of purified water, 2,443 mg of glycerin, 1,847 mg of proplyene 
glycol, 459 mg of polysorbate, 396 mg of Lecithin, 202 mg of EDTA. 185 mg of 
vegetable gum, 566 mg of natural flavor blend, 96 mg of sodium benzoate, 96 mg of 
potassium sorbate, and 96 mg of calcium propionate. The components are stirred to 
achieve dissolution and thus form the resultant solution. This specific example 

} 

10p yields approximately 9,620 mg or about 9 ml of the solution. This solution can be 

) tsr, 

la taken by a human subject in daily doses of about 9-18 ml. 

•i ? = 

O. EXAMPLE 8 

if| 

[0083] About 150 mgof estr-4-ene-3,17p-diol 3,17p-di(ethylcarbonate) and 
l a about 150 mg of 17p-hydroxyandrost-l-ene-3-one 17p-ethylcarbonate ester are 
15-3 added to a liquid carrier component comprising 2,876 mg of purified water, 2,443 
mg of glycerin, 1,847 mg of proplyene glycol, 459 mg of polysorbate, 396 mg of 
Lecithin, 202 mg of EDTA. 185 mg of vegetable gum, 566 mg of natural flavor 
blend, 96 mg of sodium benzoate, 96 mg of potassium sorbate, and 96 mg of calcium 
propionate. The components are stirred to achieve dissolution and thus form the 
20 resultant solution. This yields approximately 9,620 mg or about 9 ml of the 

solution, which can be taken by a human subject in daily doses of about 9-18 ml. 
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EXAMPLE 9 

[0084] About 200 mg of estr-4-ene-3,17p-diol 3,17p-di(ethylcarbonate) and 
about 100 mg of 17p-hydroxyandrost-l-ene-3-one 17p-ethylcarbonate ester are 
added to a liquid carrier component comprising 2,876 mg of purified water, 2,443 
5 mg of glycerin, 1,847 mg of proplyene glycol, 459 mg of polysorbate, 396 mg of 
Lecithin, 202 mg of EDTA. 185 mg of vegetable gum, 566 mg of natural flavor 
blend, 96 mg of sodium benzoate, 96 mg of potassium sofbate, and 96 mg of calcium 
propionate. The components are stirred to achieve dissolution and thus form the 
resultant solution. This specific example yields approximately 9,620 mg or about 9 

)>.* 

10!-i ml of the solution. This can be taken by a human subject in daily doses of about 9- 

H 18 ml. 

\n 

□ EXAMPLE 10 

\M 

\ [0085] About 150 mg of estr-4-ene-3,17p-diol 3,17p-di(ethylcarbonate) and 

i 

:. --t. 

! lA about 150 mg of 17p-hydroxyandrost-l-ene-3-one 17p-ethylcarbonate ester are 
15C3 added to a liquid carrier component comprising 2,150 mg of purified water, 2,800 

m 

mg of glycerin, 2,216 mg of proplyene glycol, 459 mg of polysorbate, 396 mg of 
Lecithin, 202 mg of EDTA. 185 mg of vegetable gum, 566 mg of natural flavor 
blend, 96 mg of sodium benzoate, 96 mg of potassium sorbate, and 96 mg of calcium 
propionate. The components are stirred to achieve dissolution. This yields 
20 approximately 9,620 mg or about 9 ml of the solution. This solution can be taken by 
a human subject in daily doses of about 9-18 ml. 
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EXAMPLE 11 

[0086] About 150 mg of estr-4-ene-3,17p-diol 3,17p-di(ethylcarbonate) and 
about 150 mg of 17p-hydroxyandrost-l-ene-3-one 17p-ethylcarbonate ester are 
added to a liquid carrier component comprising 3,550 mg of purified water, 2,132 
5 mg of glycerin, 1,484 mg of proplyene glycol, 459 mg of polysorbate, 396 mg of 
Lecithin, 202 mg of EDTA. 185 mg of vegetable gum, 566 mg of natural flavor 
blend, 96 mg of sodium benzoate, 96 mg of potassium sofbate, and 96 mg of calcium 
propionate. The components are stirred to achieve dissolution. This yields 
approximately 9,620 mg or about 9 ml of the solution. This solution can be taken by 

\tA 

ltyt a human subject in daily doses of about 9-18 ml. 

in 

! j [0087] It has been noted that the compound may, and in many instances 

Q preferably does, comprise or consist of combinations of the compounds described 

5 L herein and/or recited in the claims. The substrate is described in some instances 

U; 

\2 herein as comprising a double bond at a particular position. Preferably in these 
133 instances the substrate includes a double bond in the first carbon ring (A) only at 

m 

the designated position. The promoiety is described herein above as comprising an 
alkyl carbonate. Optionally and preferably, the promoiety consists of an alkyl 
carbonate, such as those identified and/or described herein. 

[0088] Additional advantages and modifications will readily occur to those 
20 skilled in the art. Therefore, the invention in its broader aspects is not limited to 
the specific details, representative devices and methods, and illustrative examples 
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shown and described. Accordingly, departures may be made from such details 
without departing from the spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 
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